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LAMINATED SEMICONDUCTOR LIGHT 
EMITTING DEVICE AND ITS 
MANUFACTURING METHOD 




ABSTRACT : PROBLEM TO BE SOLVED: To provide a laminated semiconductor light emitting device 
reduced in size by accurately conducting an optical alignment and a method for 
manufacturing the same. 

SOLUTION: The laminated semiconductor light emitting device comprises a first 
semiconductor light emitting element grown on a first board, and a second semiconductor 
light emitting element grown separately from the first element and directly adhered to the 
first element in a laminated state. In this case, the light emitting wavelength of the first 
element is different from that of the second element. 
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13 HI <7>»£?>±a&R7FM$ tifcm 1 <n 

******** s m 1 ^mmtm^tamzA-sk 

i (F&mwmtm^comtM t mm 2 

m&m 2 ] in ess 1 <r>*MW.mmi- <7>±im > 9 
9 v . miem 2 «o¥*#3fcft*?<a«Jiffe&te 

[fs^JB 3 ] me* 1 <o¥»*5ya6^±fc:ia«s« 

#§nTV^^BUiem20^i*:^«^^)«BWi. 15 
Xte 0 , fW: «fc OfflEH 1 <0¥©#ffe3fc*?<7>3 > -9 

9 hmfMtta txtsK). znmm ttzmum 1 commit 
z&emmxyf 9 haziness 1 ^NWtsfaaR^ * 
war*- zmmnbtix^z z t zmwLt -t^m^m 

<OflW#S:JfcK#JiW-&X«i: . 

m 2 <o«tf5±fc . maBff 1 <n^m%m*<?ttm. 

mm 2 co^temtm^commmmmm 1 <&&m 
^m^zmmmm-r^iMb . 
mmm 1 (T^mwmtm-^nmwb mtm 2 (D^mfo 
z&tm^mmfatf-ft b%~> tztmx-m * v t-c 

T . Wf£J& 1 co^WttcJaiHIf^ fcffi«»3|M-4 i b Sr« 

[»:£Jf 6 ] SMh , W 1 <9*#frf6#*?-i: . Zffi 
4.)S^fK$^H2c7)^S^^ ; Fi:*^'5rO. » 

1 ^mmtsm^mm^b m 2 
rt&m-skbitm&tz b ivmb-rhmms^mmt 

a 1 n ^gfo&^&s ; b z<m.bi-hm#m 1 tea 

[ m&m 9] m?.m 2 ^mwrntrnw . inGa 
a 1 p&mmrb*&ztiimb+&m&X8&to 



in$m 1 0 ] mne*«{i. ^mwmx'hhzt * 

[it*mi] Mte^^s^iis nga«-e&&c 
b zmmb^zmxm 1 oie»«o*»ffl***«3ia6 
ft. 

[hum 1 2 ] mrie^®fts«Ji, g a a s msx h 
hzb * m^b-thwrn 1 1 ea^a&s&tf^ttss* 

§£flL 

[iti^ 1 3 i awe^swaHRi** s i mwLT$>& z 
b zmtb-rmmi 1 1 im^mmm^m^^m 
a. 

[ft^ 14] Mies i «R±fc:*n^9AuyX*s 

t wit fc r e w&<nimm*mimmm.. 

S*^>felRII*«iE-r SMjEK^RJt^aT S Z b 

•fc-^&nwwii 4ietfec7)«ws*#»5Bt^fi. 
[ mm 16] mi coaMR^itas 1 co^-mftztm 
?commfczmt&JMb , 

MieH 1 O^K«0±t; . HWem 1 C0^#«c5l3£^cr)?6 

buieh i co^mbmttm^commik t wmm 2 
1 mem 1 7 ] mm 2 

o r . Huiem i com&w^m^zm&wm-th zb* 

i mo% 1 8 ] mam 1 o^#:^*-?t±. a-fcui 
#awto&»fe=sr* z b *mwib-rz>mim 1 6 §mcomm 

[000 1] 

[»Hjtfon-r 4a«*fF] *ft.wn. mmi^mftfm 

[0002] 

?j\,rt—ij-94)VT4X9 (DVD) &£.V J tcrm£M 
(ODVDlig^'TtJMSfrCteD. +fflBB#&«mFC 

[0003] ZCOX o ttftfr < A?m&W v 9 T -y 7° 
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Si§LTUft„ 

[00 04] S0*>s fi&fcA lGaAs!780nml/- 
1f£ffllrVfcCDS«#±^&ofca<. InGaAlP 
I650nm V— <fc 0 DVD fc» 
i§L*:, 3IS£T*{4 I nGaA 1 Nl4 0 0nmffffe 

Cs^JgcOr X ? ^X7^#*®*§-r ft Ui^t'S) & . 
[0005] dft^fCOv 1 ' -f -/XfA«0t2i 
tr v ? 7 77 Cii^fL-f ft.co^Xr Ale: 

£fgS<LL4ofct-ftti^#'&£ix-C^ft. fll*.tf, 

i2000-1 14 17t(i, DVDffl650nml/- 
f t C Dm 7 8 0 n m U— »f L t° ? T •</ TcOtS 
3Hfc£@^>-C^ft<, 
[0006] 

f coi a (c*sar*aHRISflS:fflv^#»flsU-1ff 

[0007] — *\ ft3fc£0D V D^B<0^t° y ? 7 y 
riCfflV^tLTV^^3tiS*780 nmCOGaA 1 As 

? (CD) ^S-r-fX? (MD) iteffla}5fc?>8t « 
3tifcK#'6 0 0 n m&CO I n G a A 1 P%&mfa]s—'f 
tWt$eMW7 0 0 n m^cOG a A 1 A sWF&fc^- 

-18665 1) tlBKSinrv^. 
[0008] LfrLWb, ±5&04: o 3:R-*K*fll 
McOy^^ia-Cli: I nGaA 1 Pi&N^ffcl'— f i: G a 

a l A s^^fti^— f' tcr>z^cr>v— f &&8tthtz 

[0009] ftoT . *»HW:. ±i&9*0*«!3»W>l«H 
^£^£^ft/^^£*lfct>cOT\ -?-£0gfW4. 'hM 
fcSft. X&WfeT? 4VXVYttW<ZftoZb COT 

[0010] 

[IWH*JPR*'t*fcrt^»] *JBB <It*JBl ) 14. 
m 1 <9MK0)±fc:j&ft®J«3*i£:« 1 cO^ftf&ftfPH 1 

fc. ssKo^Nifrffejt^fciiMtjRft^jRsn, mm 

«cco«©-CHifSe® l co¥#*fBt^tc:iS^g»$^ 

s^co^jsft ^ mm 2 co^^fls^s-? 1 



#-rft. 

[0011] *y%BJ (19*112 ) (i, ±K3»*J!lllBtt 
fjHK"?"ft. 

[0012] *^BJ < ) tt» ±tEfS3<3i2feifc 

it-cv^Mfem2co^-^«s^»^co«Ji*(i. mass 
i co#^*^«^co«a* «t o i>'bz<m&ztix& 
o» ^nciOfrieiiico^ttciB^^co^^^^h 

coa y ? ^ hmizmszm i co^nmftmttMW 
-t$,m&tfWLift>tix^2> z t zzmb-tzmmtm 

[0013] ( ) ii. m coa«co±tc 

^ 1 co*#*^*^ co«®*^^^-r §»X^i: , 
2 <0£««0J:fc, MIB^ 1 ^WfrfBiaS-^OfBiaS 

St'; Miemico^f*^t^co«^tfifiBm2co 

[0014] *fffiH (W^5 ) 14. ±iaf»^4lEife 
t^isv^. mflB^2co^#IBe*^<o«iIf*{i. *S 
^Xti^vStt^'fC'r— — rt-Srft ■? i t C X ~>X . n 

em i m-mm^m^wm^^^ - 1 5rwm t -r 

[0015] imm (ta*3S6 ) ti. . ^ i co^ 
mwmtm=f-b. znmie^ftftxa&F&mibti 
x v -> a nweaeifca^ a> jrjujjjr $ 2 co^*^ 
*sr^ fc *» 0 . as 1 <7)#»*fee*^«3te««i: 

|g 2 cO^MbfcSt^ cofBftfcft k ft £ i: 
^-ftSffiS^#:f6«a^«*-f ft . 
[0016] *^ (M*JI7 ) Ji. _treffi*JS6fBtft 

1-ft. 

[0017] *5BBB (ff*JS8 ) (4, ±iai«*3S71£i)J 
tCfc^T. fliem 1 O^iWWfcftaW*, InGaAl 
N^^«t*^^rft C t Sr^HStk-rft^S^frfBt 

sasriifti-ft. 

[0018] (»*I19 ) 14, ±iaff^8|£|ft 

tfeV^T, fIIEIS2c0^fl£?Bfe^t4, InGaAl 

pj&m*fr!>%&z b timb-thmximtmitwt 
[0019] (is^a 1 0 ) {4, ±iais*ii6fa 
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[00 2 01 (msmi 1 ) «s JJEHRciHl o 

[oo2i] i2)d ±iEM«ja 1 1 

iEKCfcWC. Hirie¥##S1K(4. GaAslttl.5 
[0022] (IS** 1 3 ) (4. JifBltiR« 1 1 

[0023] *£feHJJ 1 4 ) (4. -hlBlf5K*6ie 

s*u me» i «^*«**?»tfwie» 2 co^wtb 

[0024] (it*« 1 5 ) ts. ±im&m 1 4 
k^&mmM^f*3B^a£»r& . 

[0025] (HHPS 1 6 ) i4, mi ^«^£7)± 

tell 1 ^¥»ffc?6ft*^<7>i*Jf #5rlS(1-£Xgk . rnii 

m 1 <7>mi0±.tz - tuiem 1 co#»*i«i?»Mi 

JM*jft£#HW-&Xgi:, Miam 1 0¥3Wl5»3te*?- 
(OKBflsk fflffifi? 2 O^ttfBfcfg^Wilffrtf-ttk 

& ~> Kim-em* <r>* >y nctjj 0 aj-rxis k *» ^ 

[0026] (Hr#JSl 7) {4. ±teiS^JS16 

*S4'XI4^Fvg'l±^*x4'T'r--^Srfi : 3 i k IZX i 

x . tifieis 1 <^&tt^3g^~ii:tgJg*i-& £ k 

[0027] *!£HB 1 8 ) (4, ±iei»*J| 1 6 

[0028] 

m 1 (iff l <OHffi0SSlc*^*?&S^IM¥#*^— 
a<0»riiiflBtBrf *4. t7 5"ffi« 1 4 0±te I n 
G a A 1 N^4 0 0 n mf^IftU-f LD 1 
it. ^«±»tl nGaAl Pl6 5 0nm^«tl/ 
-iFL D 2«££tTO^ „ 

[00 2 9] IffiiinlGaNl 1 OtnlGaAs 1 
2 9St/pIGaAs 1 2 1 fc-WveWiB 1 3 2. * 
1130, ®Bil 3 1 k LTffMSft. 1B&1 3 2 k« 
fig 1 3 1 Hfc:«aS£:Srt-.r fc (c i O^flsU— f L D 1 



ld l fc^Sftl^-iFLD 2(4. ^-fL-eiTiAitclBiJrr 

[0030] InGaAl N^4 0 0 n m^^flsU— 
-TLD UI nGaA 1 P&6 5 0 nmSffft:!'- f 
LD 2(4*> fe^tftM'frC^BfeLfiMcSaf U-t«SJtt 

[0031] ¥#ftsl^— f LD 1 (4^<fc d C:ffr£L 
fc. ift7T^tiI140±CnIGaN3^; 
Ml 10, nSAlGaN77"/H1109, nfG 
aNM-^ KS108, I nGaA 1 N^MQWvSttS 
107. plAlGaN^yril06. pIGaN 
tfc*f-< KJf 1 0 5 . P IAlGaN?77H1104S 
t/pMGaN^A--y7 0 Jll 0 2 £JlI</3»Jf &£p 
!AlGaN777Fll04 c7)±gPS.lXp MG a N * 
-\* y7°Sl 0 2SrXh7^7°^KtX y^y^jDXL. 
CL <DX h 9 -f 7"COMffl!l(ilnM InGaAl NttS68PMi 

1 0 3£tSW*:. af&KpSGaN^-vvT 0 /! 1 0 2S. 
J/ I nGaA 1 NQSKSKWIl 0 3±WipIGaN3 

hJI 1 0 1 SrJ^cLfc. 
[0032] ij^lftP— f LD 2(4#0± d 
fULtl. 3tfnSGaAsi«l 2 9±CnII nGa 
A1P^77K1128, InGaAl P3fc#>f KB 1 

2 7. I nGaA 1 P^MQWS1±Jgl 2 6. I nGa 
A 1 P^M h'Sl 2 5. pII nGaA 1 P;?7 K 
if 1 2 4 . pS I n G a P^f -v y 7°J§ 12 2 Srl«^«S 
L*:. ?X(-pSI nGaA 1P^77 1 24&t>'p 
Ml nGaP^f^ vrJll 2 2SrXh5-fr±iCX-yf- 
>i/JflXL. 3<7)Xh7-f7-i7)Mffl!llCnSGaAsffi8fL 
^® 12 3 2r^(t^ . ift^pl I n G a P^r a- y 7° 
Ml 0 2MnIGaAslSi^Il 2 3±tiipM 
GaA s ziy?7 hMl 2 l^JALft. 

[0033] XIBOJ; d t^fiS;§ii/i^f*^— TLD 

2<0nfflGaAsfflRl2 9*j«^J»»fc:4'CX«yf' 
y^L^. XIE^J; dfc:ffj£3n^*aH*^— TLD 
l^ P IGaN3y??Ml 0 1 k^f*l^-^LD 
2(0pSGaAs3>^^Ml 2 lSrS*-^^. Cl^ 
tt*(4. 1 0 0°Cfrt>9 0 0°C<DMQ*Xli^fe&JfX 
+T2 0^J2LhTx-;Wt«aiiBfc^& t"C V^**^^ 

[0034] -t LT. f^U-fLD 22St^^#:P 
— fLD 1 cOiigCtr. nIGaN3>^^ h^l 1 OR 
l/plGaAsny^^Ml 2 1<7)— &&m&-?&£ 
o(c. x^^twX yf y^SrSSt. miSl 30, mfii 

13 1. ni 3 2^©^-ri»^k(:i0 2«^co^ 

[003 5] UUb<0J:-3K:L"rff«$iifel^— (f^x- 
^\ti^#gatcJ:0^- y7*^SrmK ^7 r 4 ^rmffiMZ 

8Mtfe:»XTV^4/£*>. I nGaA 1 P^6 5 0nm^ 
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^flcW f LD 2l2¥^flsU— fLD 1 ±l^B£$il 
[00 36] (2 ) &2crmi)®&m 

m 2 im 2 c7)ii!fe^fls^*^^i.*M4^«c^— f ^ 

S<7)Mfi3il!T-$>!> o plGaAs £ft 2 0 1 I 
nGaAl N^4 0 0 nm^ftl/-f LD 1 « 
£*U *0XLSMC InGaAl Pi&6 5 0 n m^^^f* 
?LD24mi&ZiXX^&. tilipIGaAsl 
^20 UpIGaAsSS22 1&^niGaAs2 
WL2 2 9(iZ*tl*tiW&2 3 2 , ®8£2 3 0 , mflS2 3 
lbLX&&Ztl. li2 3 2i«tS2 3 lHB=«ate 

art-ifcfcio^iifrw—^LDi*, «®2 3 0i:m 

«2 3 1 BtC««tSM-i k T^ftl/-fLD 2 Sr* 

[00 37] InGaAlNi|400nmS^#l/- 
■fLD 1 k I nGaA 1 P^6 5 0 nmfffftl/-f 
LD 2U&&;frt»«l*fc:f&fcU 1 0>*N0BJB 

[0038] T L D 1 Ji&<7) «fc ? L 

fc. ift7?^(tiSB:nIGaN3y^7M2 
10, nlAlGaN777K12 09 > n^GaN^ 
ijAYM20S. InGaAIN^MQWittf2 0 
7. plA 1 GaN^f-r 'v~TM2 0 6 .. pMGaN3fc# 
-fF«205. pIAI GaN?77 HJf 2 0 4Rt>'p 
SGaN^yTlf 20 2£JiI&«Jf L*:. KCpSA 
lGaN^77H1204<^±«U f pIGaN^ty 
Til 2 0 2 5rXh7-^7fttx -y f-y^flnlL. 
Xh7^7WS»:nII nGaA 1 Nfl3t#^Jf 2 0 
3 £!£ff*:* Sf£t PIG a N * * -y TM 2 0 2 I 
nGaAl Nm^^®2 0 3±(C«±pMGaNr? 

[0039] — - TLD 2ltHK^X 3 IZB 
&Ltz. JtfGaAsi«±tnlGaAsli2 2 9 
K:nIInGaAlP?7yb'1228. InGaA 

1 P7fc#'-f FJ12 2 7. InGaAlPiMQWgffil 
226. InGaAlPM'fHi22 5, pUnG 
aAlP?77H1224, P SI nGaP^t-zT*! 

2 2 2*HKMWiLfc. mZpMl nGaA 

H®2 2 4MpII nGaP=3fA--yTJ12 2 2S:Xh 
y A 7"± fcrx -y^y TTUni L , zcr>xY-;.y-1 Term Mlz 
n!GaAsit223 . P 
SI nGaPt77l222S^niGaAsia«$ 
122 3±d±piGaAs3y^?M22 1 SrffM 
U:. 

[0 0 4 0] <MC*W«*eP— >fLD lK*JVVC«tf-7T 
-ftltS:I"/fV/1liLnlGaN3>^?M2 
1 0£^tiS$-£*:. ^Sf*l^—lfLD2^*J^T{inM 
GaAsmWL2 2 9Z®.Mmnmt l ZJC.yJ-y7Ltz. <% 
tzaprntons— TLD !<OSl!l5$-ti:^nSGaN3>^^ 



M12 10i:¥i*L'-fLD2«nlGaAsit2 
2 9^SatLfc. ^#f*I^-ifLD2<DM 
£ s nIGaAsiS22 9<7)— gfob^iii-f S<fc d 
T^X^lCX >y+>?'£MLZfrt>. «S230, 23 

i. 2 3 2*j^t/s. ztitzx K>2mm.co i m^- 

TMfcfcfrV*. ®6i2 3 2ffiSrt-h^>'^t;'7 l !7>'hL 

[ o o 4 1 ] as i cohwbjitcwl «MJWf«> i Nitt 

jWBv ^itr . t£»<7>^©£ 0 rt^ L < ffiT-T l> **. *^ 
*JE3BT(i#«*P-1f L D 1 mf^mWl'— 9* LD 2 
cO^£iflMLfcf^ffi£fH^T&#£lTO<Z)t?\ Jg*f 
iii<^l 1 ffltt* s fP»tcW«'C & 4 0 m < &*-f & i k 

I nGaA 1 P5&6 50 nm^^#:U-if LD 
2\Z¥mfcV— f LD l±t»jR$iX'CV^T*.AiaFtill 

i i: & £ k «iiyS£?>iI 0 T'foZ . 
[0042] (3)S3<0»S. 

n 3 t±m 3 onji^®.tc3{)^^ -s. msffl^swfci'— fss 

£)!><. plGaA sS13 0 1 _kM I nGaAl N^4 

0 0 n m&!m#U—r LD 1 #J&££*U *<r>±W<Z 

1 nGaA 1 P^6 5 0nmf#i*l/-f LD2t. 
AlGaAsl780n mflNNW*l'~ f L D 3«ft 
SttTV^i. tSlipiGaAs 3 0 ltplGaAs 
32 l&t/nMGaAs 3 29tC-en-e'tt«@332 ( 
WM3 3 0a, «B3 30b, ««I3 31k LT^fiKS 
*U mmi 3 2 t 3 3 llHfc:*8S£artMi:fcJ: 
f^lx— ifL D 1 Sr s 1fli3 3 0 a k 3 3 1 P^(C«»S$:o!l 
-rdk-C^*^-ifLD2^. «?Tu330bk33 1 

ixifeiKSiJ-r S - k ^> . 
[0043] InGaAl N^4 0 0 n m^mWU— 
t'LD l (i^2^Sfe^kiS]«^^T^t/i. 
X. InGaAlP^6 5 0nm^«cl/-fLD2 
kA 1 GaAsI780nmf^*P-fLD3ll 

m&nmffl 2000-11417 ■vffl^ztifcjTmiz ± 

[0044]BP^. if LD2(iiJCOJ:dC^ 

jSL/i. 7t-rGaAsa^±tCnSGaAsa«[3 2 9 
aiCnIInGaAlP?77Kl3 28a, I nG 
aA 1 Pfttf'f KB3 27 a, InGaAlPjMQW 

3 2 6a. InGaAl P3t^W l^S325a, 
P IInGaAlP?77F1324a > pUnGa 
P^ J r-v7"*3 2 2a$rlii<>:milt^. iJlCpII nG 
aA 1 P^7-yHJ13 24aS.t/pSI nGaP^7 
7°Jf3 2 2a$-Xh7^7°±^X-y^->'^JpXt. Cl<7) 
Xb^'f 7°^Mffl!l^ nlGaAs MM 3 2 3a €Su^ 
JiSr^ft^. mmzpm I nGaPt7ri3 2 2 a& 
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1/ nSG a A s MtiSM^M 3 2 3 ajifctt p IG a A s 
rjy^^M3 2 1 a£#£Lfc. 

[0045] -IT. *'LD 3{±&<0± O IZ& 

tiLlt:. 3fefGaAsHSil:nlGaAs£S3 2 9 
blKnll nGaA 1 P?77h'l3 28b. I nG 
aA 1 P3fc#'-f VWI3 2 7b, InGaAlP^MQW 
?SttJI326b. InGaA]PM^Ki32 5b. 
plInGaAlP^7>yFf324b < pflnGa 
P^-V >/7-®3 2 2 b £WS#mJlL*:. (W:pI I nG 
a A 1 P?5f H1324b^pII nGaP^-^y 
22b$rXh7^7 0 ±tx>/^->-^JilXL. CKO 
^b7^r^SlKnlGaAsffiS3 2 3 bm?W£ 
JlSrlfclt*:. ^ICpMI nGaP^77l3 2 2bS 
l/nSGaAstS1^13 2 3b±WipfGaAs 
uy?? bJf 3 2 1 btMU. 

[0 0 4 6] Ztlt>3-ocD¥mftU—P'Zm2<Dmiim 

[0047] (4 ) m4commm 

¥m#:V—*fmmz&\,iX. |!]-<7)nMGaAs**£4 

0 0±£. 5B&£*#7 0 0 n mfiOGaA 1 A s jR¥ 
9Hcl/— ?LD 1 t^iSS^e 0 0 n m^co I n G a 
A 1 PJjMmWfcl'-lF LD 2 b$£m.&tf4 OOnmS 
CO I nGaA 1 N^#S#:Ix-if LD 3 h*^ S^HC* 

[004 8]©l9)t^ InGaAIN^«:l/-fL 
D3Z : W>yyT4Tmm±lzMfct t7r 
JTmmzl nGaA 1 N^VKy^rJf 5rJgj£LJtflL 
H4-CnMGaN3y^^hil440. nfAlGaN 
;7'vKI4 4K nM3fc>5M KJ14 4 2. I nGaA 

1 N&frt>%Z,MQWffim<7)ft&m4 4 3. pIA 1 G 
aN^^77-14 4 4, pIG a Nt£t!M FJ14 4 5 . 
pIA 1 GaN^77Fl4 4 6WplGaNJf^7 
rJt4 4 7k^r*af»*. CVD§lirtW77'f7S 

[004 9] ddT. pIA lGaN?77 K/I4 4 6 
^_L35*5 J: V'plG a N3r^ >/7'Jf4 4 7J±X h 9 A 7 
mklZtc*). .TOXh^T^MfflKnin nGaA 

SftTl^. Xh7-f7W<0pIGaN^t7/l4 
4 7IU'nSl nGaA 1 NSSE8^Jg4 4 8±lZ pM 

GaNay?? bm44 9#w£>*u -e<o±i;pism 

®4 5 OjWBJft$*lT^£. pffi«H4 5 0±(C(2:Au 

t-h^y? 4 5 1 jWBjS§*iT^*. 
[0050]<I<7)InGaAl N^fl*l/-f LD3 

J±, *£H B H J&Kf£, t7r^ rfflSLLfcJBriSSfcfc I nG 
aA 1 N^A-y^TS^Xv^yi/B&iLfcXt^X^N 

D, fiP^^lx— f LD 1 Slf^ftl/-fLD2 5: 



Sl^tSnlGaAsill;, mtoTftSOWt 

[005 1 ] G a A 1 As^ftU- tf'LD 1(4, ± 
iB^fcO 1 nGaA 1 N&¥^#Ix— ifL D 3#-|S 
tftS0Wt4>iXfcnSGaAs^4 OOilCnMGa 
As^77rl40 1. nIGaAs3y^^H40 
2. nil nGaA 1 P?77K14 0 3, 

f (sqw) ffim&tzii$>nm.=?#w <mqw) tus^ 

vStt®4 0 4. pIInGaAl P777K1405S 
lfpfInGaP^77i4 0 6^ CVD^S(*JT 

te. itiSKSSKGaA 1 AsI^ftl/-fLDl*«f 

mm^« GaAlAs|f®«:l/-fLDl (X(4, 
im?) I n G a A 1 P** 5 **!' — f LD 2 ) <7)«Jg2f 

[00 5 2] plInGaAlP?77 b'J!4 0 5<7)± 
gBiiit/p m I n G a P >y 4 0 6 liX h y -f 7 
Bmz%K>. CWXh7^7g|i^ffl(CnSGaAsl 
WL®mm4 0 70Ktt6*U msS^flt3£#7f*fi!c£ft-C 
^•g>. Xh7-0°J^I£tf>pMGaAs=3f^-y:rJf 4 0 6 
^nSGaAsm«iJ^Jl4 0 7±fcpSGaAs3 
h«4 0 8#i£tf£>*U ^-^±^pMmii4 0 9 
MMt&flTVt*. PSH4 0 9_bt:i(i:Au 

t-h^^i?4 i o«£$ft-cu-i>« 

[0053] InGaAlPI^*U-fLD2Ctj 
WC(±. I nGaA 1 N^¥8WfcU— T LD 3 

3&«-»fc:li 0 fHt 4>*lfc nfflG a A s S^4 OOiCn 
!GaAsA77?l421. nIGaAs ^l>?7 f- 
JI4 22. nIInGaAlP?77HS423,*- 

(sqw) mMttzii^mm^p (mqw> 

ISjtO«tt«4 24. P lInGaAlP?77H14 
2 5SI/PII nGaP#-V77!4 2 6 jWSiKfltBS 

[0054] InGaAlPlfi^-fLD2ll 
G a A lAs^NJ*l/-fLD 1 J; KUfclzmfclt 33 

[0 05 5] piInGaAlP?77Kl425f)i 
gMsitA'pIU nGaP^77I4 2 6(4Xh7^7° 
JPRfSSr 1 ?. ^C7)^b7-f 7°gB<7>M<iHCnMGaAsm 

S0KWI4 2 7AWo*u «»#&wii^»jR3*vc 

^4. Xh7^f7M»pH nGaPJf^r77|42 
6MnlGaAs«fl4 2 7±t:pSGaAs 
h/14 2 8#IS(t^il. -ew±Cplli4 2 
9>WBi£S*L"0**. pftl4 2 9±diAu*>^ 
h t - h V 9 4 3 0 tm^ftX V . 
[0056] nlGaAsi!4 0 0<!0SBtlinIl 
i460 jWBjfcSftT V »4 . 3mfktftmZtitzft%gi 
Wk^->?T '/ 7^ y h" tzmm-? h *%r£ , A 1 G a A s 
^^flcl/-ifLD 1 60t— h i/>7 4 10. InGa 
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A 1 PWrnttU— fLD2cr>t-h~>y7 4 30, 1 
nGaA 1 N^S*l/-f LD3«t-byy?4 5 
1 li^ftl— • »f L D^*v *r— : J<-X±.lZtiK\ l Mzm 

%wzftmLKW8rem"re>titi 3*<r)Mm±i,z%ti? 

[0057] IJLh^ J: 3 £fPD£$;ft.*:SS4 <^Sg^!S<7) 
maS^S^tCfcV^T , P WMM4 0 9k nSfi4 

6 o t nmizmwL£m.-tz twooaAiAs 

ti<V— «fLD l^BWf-iik*^*. pM€fii4 2 9 
> ii S!'£1fc4 6 0 kcoraidftiffiSr^-f .1 t t^<t •) I nG 
a A 1 P3i¥*ftW~ IfLD 2 £IBiW-!>.r k#T£ , 
pM*E€B4 =5 0 k nMlffi4 6 0 fc£>iac*a*Srt"£ 
kCfcO I ii G a A 1 N3R2mW*U— fLD3&lsftrt 

[00 58] -atAlGaAs^^-fLDl 
SSiM? ■SwktcJ: Difcft7 80 n m^D U- ->f ft £ Kit} 
-f ~ > . I n G a A 1 P%k¥mttiU— »f L D 2 £ 

£ k £ X 5 0 n m^-> yjtSrKffi-r 

Ck* s T§ s 1 n G a A 1 N^^ftU— f LD 3 £SE 
ift-TSClktCj: 0**4 1 0 nm<7)U— r5tsr^ai-rc 
t^Si'jKiot^S. GaAlAslf^ftl/ 
— fLD 1 £!§Bl&-f S*\ I nGaA 1 PJMNWfcU'— 
HfLD2frig»J-r&*\ InGaAlN^ffrlz-f 
LD 3 SrlBiH-^^^ti. ^SPX^f vf^Itf 

[ o o 5 9 ] j&4 <rymm®rete i n g a a i uih^m 
mm&mwfrk* < . 2oioisft^^*^-if l d i 

fc ^flsU— f L D 2 ^fB** J9*Wfc:J«»-r & - k W 
&%kh. $ C I n G a A 1 N^*IJt7 T 

««^#c«H»ft*£*>tf 4 - k #35*4 . 

U— If LDcOpmffi^b- hyy?«§ilt^l> 

n sat«*ifm*w-if LDM 7 ^--^-x 

fflfW-^ffck&D, pn^y 3 -M:J:^W 

[0060] (5)m5cr>mtmm 

7 0 0 nmf»GaA 1 A s3MNIf* 
lx — If L D 1 6 OOnm^I nGaA 1 

P3R¥3H*U— If L D 2 1 J63CIS** t 4 0 0 n m^c?) I 
nGaA 1 N3»»«:l/-f LD 3 k#, SWC^StL 

[0 0 6 1 ] GaA 1 AsIfSflcl/- IfLD 1 iCfcU 
Tti. nIGaAs3y^?M50K nllnGa 
A 1 P^77K1502, Jji-iti^F (SQW) flBI 
££W:#**-?#F ( MQW) flfct<7)*S14« 503, p 
SI nGaA 1 h'Jf 5 0 4&t>'p3» I nGaP 

^r-v 7 7150 5jM«»5BIJI$*tT^*. pUnGa 
A 1 P?7>yK®5 0 4<D±g|5fci:tfpSn nGaP^f 



rmnmmfc niG a a s m^^Ji 5 0 e 

pll nGaP^tAllSOS^nlGaAslS 
$5gJI5 0 6±KpIGaAs3y^? HJ150 7#f5 
^^±^pa««&5 0 8^^$nt. Pit 
115 0 8±fciiAu t-h^y? 5 0 9#7gj£ 

[0 06 2] InGaAlP^^-fLD2Ct3 
WCti, nlGaAs3^^M52L nflnG 
aAlP?57K1522. m-*^#F (SQW)i 

jta^ti^aji^F (mqw) *?iji?>$steJf 5 2 3 . 

P IInGaAlP?77 5 2 4S.tf pffl I nGa 
P^-\"yr*5 2 53fi*)«<JCHIiBS*LTV^. pUnG 
aAlP?77 KJf 5 2 4<V±.U&J:XSpmi nGaP 
^^•yTil525{±Xh7>f7"^S:*L, icOXh? 

4 rgPcOMlffillC nlGaAs €8SE#^Jf 5 2 6 #^(? A> 

pll nGaPJf^77'152 5MnIGaAsiS 
ftjgV 5 2 6±tCpMG a A s a hM 5 2 7* i t& 

(tioft, -?-(7)±tc:pSmiS5 2 8«$il, P M«8i 

5 2 81tl±AuK^l.t- hi/>'?529 J&^fiJcS 

[0 0 6 3] I nGaA 1 NjRifMMfcl'— fLD3Kfi 
Wtti, nlGaN3y^?M54L nlAlGa 
N?77KI542, InGaAINlK^|.#-i 
?#F(SQW) aUtifcli^SJtFttF (MQW)f 
it<7)vS14JI 5 4 3 , plAlGaN?77H154 5& 
If p MG a N v 7M1 5 4 6 ^flltfSlJf § *Vt V \h <. 
PIA 1 GaN^77 KJ15 4 5CO±|fEfc«tlXpSGa 
N^f-v 'y7°JH5 4 6 i±— ^■f6jtC@t/l> X h 5 -i TB&Z 
Z\<DXV-74y°mcDmW<7)&-ftlZnmi nGa 

a i N«sti0M5 4 7a5f<»tt4><i. m^m^mm^m 

54 6&tXnMl nGaAl N«SK9PPJI5 4 7±tCp 
SGaN^y^; hJ1548^fSttfeix, -eo±lCpM 
m®5 4 9* J ^$n, P M«@5 4 9±tC{±Au*^ 

^t-hyy;5 5 o^'^^ix-rv^,, 

[0 064] nIS i»^5 0 0(7)SE«inSm«55 

6 0 A%M$ttT . 3jSS^'»«$iX^^6^ISSr 
t7?77^7 HCfffltS^, Aut-hi/^ 
<7)l¥$^ira8LA lGaAsI#i(*WfLDl^t 
-h>->^509, I nGaAl PMiftWfLD 
2<7)b-hv>-^5 2 9, InGaAlNSmi'- 
1fLD3^t-hv-y7 5 5 0l* i NMfcl'-irLD;<v 

x^-x±t3fcsv ^im^wt^Bs L^«!iR'eaft*t 

^n^3*coSl|g±tc:^n^ix^ffl#(t$ii-Cv^. 
[0065] IJJLh^J; d K«l£$iifc!&5<03aMgBJB<0 
*«S?Bt5g^ tCfc VvT , P 5 0 8 k n 5 

6 0tCOmizW.ffi.*M-?ZtlZ£ OGaA 1 As|^ 
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ftU— y*LD lZWm-t&ZttfTZ, Plti5 28 
k n$mm5 6 0 fctf)Hlfc:*ateSW£ fcCiOInG 
aAl P^¥agftl-~ 9-"LD2$riBi)-ri>>Ii:^-e#. 
P 5 4 9 fc nlfg 5 6 0 k *XBl£.WS:M-tZ 
klz£ 0 I nGaA 1 N3M£&{*U— *fLD 3 S-lBMrT 
SlkmSioH^otV^. fUAlGaAs 
aMimWfcl/-- f L D 1 ^lEW-T 4 Z k IZ J: 0 jfcK 7 0 0 
n rn^cOb— fTtSrKffi^^ **T £ > I n G a A 1 P 
^gffcl— ifL D 2 ^lEWrt 4 i k K J: Oifefl 6 0 0 
nifWW- ^SrKaj^wfc*^*, I nGaA 1 N 
^^ftl— - f L D 3 £IMW4 - k tZ <t 0 ifcK 4 0 0 
n mUffOL— fit* JKEU-r £ hXolzKc^X^^ 
4. GaA 1 Asl^ftlz-f LD 1 $r§*jKr^"&36 i , 

1 nGaA 1 PSMmWfrP— !fLD 2 SrSWrf I 
nGaAl N*¥*K1'— ? L D 3 £|g»rr42K7)iliiR 
it. v?<WM*-mzl;:*)ft%oZb&lti& 
4. 

[0 0 6 6] ^«:l/-fLDl, ¥z$fk^— D 2 
&lf *IW*tU— !f LD3 IZZtl^tlMmmZZ tLtt 
t^x^SrnMS ili«5OO±ic»«fc:J:0«i0fttt 
/St>0>T\ 10 0*C#>£> 9 0 O'Cnmg.'PXl&F&itrf 
X*X2 0Wl±.T--)VLWmmzit&l,X\i&*5t 

zm&zit&z k xmmx* 4 . 

[0067] zcr>ffif&xn&m : T-<7)W*:&pmmm±i,z 

J&&e.Z1Xtlt-hi'y71)>t>W!& t X*£ . 

IMftiJ*4. n^S i«R5 0 0^^#<*:^— TLDys 

sabsraea-c* 4 . $ ^.tnis i iiii:*d/7a 

^*Oilfli*«»*C>ar$. EP*>, ±!E3®7)#z£f*:P 

fx. Rt*«S:»-3J:^t=Siarr&ii:*«TS6. 

— fLD^'y \-^m.^-^z-thkmz, mk<r>m 

■WfcFB-tfWHft trft->T ^ 43tSrttlW-r4 IH T# 
4. 

[0068] (6 ) m6comtmm 
m6izt&6cr>mmm$:^. ^mmmz&hmm. 
*mfov— rmmz&^x, nisii«6ooB:n 
mmm6 6 o&mtfLZtitzm— nmsLtiz^m.^! 

OOnmSGaA 1 A s^M^M*^— «fL D 1 kWtWk 
M6 0 0nm^I nGaAl P^i*U-fLD 

2 k mmMtfA 0 0 n m&<7) I n G a A 1 N^¥3I# 
l/-fLD 3 Sut:*KLfe«WOBjat$*tTV^ 
4. 

[00 69] GaA 1 A s IfftmM'— ? LD 1 lc£>U 
Tli. nM*1i60l s n!GaAs3y^?M60 



2. nilnGaAlP^77Ki603<J|-lf# 
F ( SQW) mm&tzli&MStfXF (MQW) fll&O 
VS14/16 0 4. pll nGaAIP?77 K@6 0 5R 

r/ P mi nG aiP^^ yzrme o emmmm^nx^ 

4„ pSI nGaA 1 P9z>v KJ16 0 509±a5£<fctf 
pll nGaP3--vyrJf 6 0 6{±Xh9-f 7tB#£^T 
U CKOXh^-Y^OMffly^naGaAsm^^ 

h7^r»pH nGaPJf-V7ri606M'n 
IGaAs mWm&M 6 0 7i{:pIGaAs3^^ 
hJf 6 0 8#t&tf£>ix. ^-ct)±(wpMS«66 0 9&<Kft£ 
ZtlX. Plti6 0 91CtMuA'^|.t-hyy 
?61 0A^B!t$ixTV»4. 

[0070] InGaAlPIfg«sl/-fLD2tfc 
I^Tti. nSti62 1. nlGaAs^y^^ Mf6 
22. nil nGaA 1 P7?y KJf 623. Mrf- 
#F (SQW) ffiJti/itt^aS^F (MQW) flBt 
f)iS1±Jl 6 2 4 . pIInGaAlP?77H1625 
MtpM I nGaP^t7 7°J1 6 2 6 tfm&mmZitX 
V>4. pi I nGaA 1 P7yv KJB6 2 5c7)±gBJ3i 
tfpgl nGaP^77"16 2 6^—^^1/4^. 

hyjT&wzmi-h. z\<?>xh 7 a r^emmnrntt 

CnlGaAs «SB0S*MI 6 2 7 <o*U 
flH6>WBJS$*»."C^*. Xh7-(7W0pII nGa 
PJf^77l6 2 6aiAnMGaAs«oK^J16 2 7 
±tplGaAs3y^^M6 28^(t^ 

±ic p 6 2 9 *^e!c§ it, p wmm 629 ±icj± 

Au*^^r4t-h^y^63 0»£;**VTV^4. 
[0 07 1 ] InGaAlNMiftl/-fLD3t:i3 
V^Tti. nIfS64 1 > nSGaNny?? h«64 
2. nlA 1 GaN?77 KH6 4 3. I nGaAl N 
JH-*P#F (SQW) *titt^{i#S4^ 
#F(MQW) «Jg^>vSffil64 4. piAlGaNJf 
Y'yTJi645. pIA 1 GaN^^-y H«64 65.1A' 
pMGaNdfA- y3rJ16 4 7^)l^*S§il'C^4. P 
MA 1 GaN^77h'l64 6<7)±.SI5t> pMG aN 
^7716 4 7{iXh7-(TM5:*L> i<0Xh7 
•< 7°gC<7)MfiKC nil nGaAl N«git#^JI 648*! 

istt iKR«s«iJi3WBifts tix v ^4 . xh^r 

P;«0plGaN^77l64 7Wnll nGaA 
1 N1taa)l5JSJB6 4 8±fc:pSGaN3>'^^ h«64 

am«i6 5 0±tc{iAu*^^4b-hxy^6 5 I** 
^BSt§^TV^4„ 

[007 23 tt*l/-fLDl, *#*U-ifLD2 

RV¥mwu-<r ld 3i3^*t-e'*xsfew&£$*x*:x 

t^xy \lc n ^m@k p ix^: l^cOX'Si 
StR6OO±(7)nm®6 6O±('a50#ft^i.^T\ 1 
0 0'C*^ 9 0 0°C<7)*S*X(4^vS14^'X<4i-C2 
U±.T--)V LmmWlZitG. LX V »47j<7i-Sr M»§ -£4 
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ZbXSgRX-£&. ifcttA 1 GaAsimi/- f 
LDlc^t-h;^^ 1 2, InGaAIP^Ift 
\y — "9 s LD 2^>t — hi^y? 6 3 0, InGaAINi 
^«j^-if LD3tf0b-h^y^6 5 1A*S i SELL 

[0073] izLk<o£ o izffifcztLfzm 6 commmmco 
*mmmm=Fizt>^x . P iti60 9tniti6 

0 1 fc ^BBCTOtiai-i ttiDGaAlAs 
flsU— rLDl^KUrf Sifcsfi^C*. P11S6 2 9 
fc nl>€ffi6 2 1 k<OHC«a[S:ilrt-i fc C «fc 0 I n G 

aAi p%k*m&i'-*n<D2£mm-hzbtfX'Z. 

Pllfi6 5 0k nltft6 4 1 fc OlffldKSfciiS-f £ 
tCiOInGaAl N^¥i#l/- If L D 3 £JB»r$- 
■g><Ik aC^t^.. fUAlGaAs 

z&mtki'-y 1 l d i sbm-*- * - ttiDMToo 

n m^<7)U-^7E£rotiJ-r.r k , I n G a A 1 P 

&¥$$tfcU—~fL D 2 itmi- h Zbtz£*)&&6 0 0 
nm$«l/- r^SrJRtB-rCk^'T^. I n G a A 1 N 
i&Nm»ttU-lFL D 3 SIMM"* i fc K «t 0 **4 0 0 
nmff«l/-f*&Rltlt;fcm & <fc 3 £3roT^ 
S.GaA 1 As^ffftl/- IfLD 1 &mmt&fr. 

1 nGaA 1 P^^flsU— *FLD 2 SrfEt!rf I 
n G a A 1 N*¥#Hcl'— tf L D 3 ZMWit hfrcomW. 

^»^>f •y^-«ofl»i«SEK:J: 0 3 i fc 



ttSBfcH^£*£BHtf S - fc 14, /J^fcCfMJfcltfllfc 
[0079] J: K>Mm%%)%:b LT, KWiTyJ > 

mziv/zmttmBLhtz^v > f -r a m&izim lx . 

[0®Ofg#.&fSHB] 

[iai ] *^H^ms^!ii<os«^^f*:u— 
[ a 2 ] *mm 2 m mmnmmmmw u~ fm=? 

[04 ] *m\<nm4<vmmm<o¥mft5&e8m<om 
mmx'hh. 

[05] *m\<r)m5<r>mmm&<r>?mfow@&5.<r)m 
mmx-foh* 

[06] *%w<m6<nmmm<n^toffltgm<m 
mmxfoh* 

101, 201, 30 1 p!GaN3^?M 

102, 202, 302 pSGaNdc-^-y^Jf 

1 03.203,30 3 nSlnGaAlNtM^ 



[00 74] -LtfMfJSTNinffiS i ffig 6 O 0 ±Ic¥jS 

t^mfflv^ s i w&$: pMiz-tt z fc x**r- ; jmmm 

< •* & Z fc flWRttjWWWt=|fil± Lfc . 4 
*>&SIWrc5r< &5**>3fr^y h'^ISIt^^^^ 
[0075] ±IB»4<0*M^«7bM*6^t*eP!a'C 

[0076] LT, U—f(7)Wi1&-t^^]l<zmn^ 

-flsfc &o ft««T«/? 60^- -y 7 Sr^-fii-r & £ fc tf"CS 
l». 

[0077] 

^ftfBfc*^ Sr*flHtf & c fc &x°z & . 

[0078]C^)J;^^, P-^BLfctfBteft** 4 ^ 



104, 204, 304 p MA 1 GaN?77Ki 

105, 205, 305 pfflG a N3£#-f FJf 

106, 206, 306 piAlGaN=Sf^r77l 

107, 207, 307 I nGaA 1 N^MQWvSIS 

m 

108, 208, 308 n£GaNft#-4 FJI 

109, 209, 309 nlA 1 GaN^77 F® 

110, 210, 310 niGaNny^^M 

1 2 1. 221, 32 1 pSGaAsrjy^^hJf 

122, 222, 322 pIInGaP^77l 

123, 223, 323 nlGaAslSi^l 

12 4, 2 24, 3 24 pi I n G a A 1 P ? 5 v F 
/I 

125, 225, 325 InGaAlPM^Kf 

126, 226, 326 1 n G a A 1 P^MQW*514 
1 

127, 227, 327 InGaAIPM'fKl 

128, 228, 328 nil nGaA I P?77b* 

m 

1 29, 229, 329 nlGaAsnyf^M 
130 nil 

230. 330a. 330b pli 

13 1 SjipH® 

23 1. 331 itjlnl;1E 
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132 ni 

2 32. 33 2 pVM 

140 ^yr^i^mWL 

400. 500, 600 nfGaAslf 

401 nlGaAsA'77ri 

402. 501, 602 nIGaAs hJB 

4 0 3. 502, 603 nil nGaA 1 P?77h' 

m 

4 0 4. 503. 604 #— SrF #F ( S Q W ) ftit 

AtiiiimvfflF (mqw) ffimomum 

405.504,605 pSl nGaA 1 P?7 7b' 

1 0 6 
1 0 7 
4 OS 
1 O 9 
4 10 
4 2 1 
4 2 2 
423 

m 

424, 523. 624 ^FttF ( SQW) ffiffi 
ifctt^MH^F (MQW) IfjtcOvS'ffiJI 

425. 524. 625 pll nGaA 1 P?77H 



pII nGa P^f-v-yTJB 
nlGaAsiSRff 
P IGaAs3y?? hJf 
plii 

AuK«t-by>? 
ni2GaAsA'77Tl 
521. 622 nIGaAs3y^?M 
522.6 23 nIInGaAlP?77H 



5 0 5. 
500. 
5 07, 
508. 
50 9. 



606 
607 
608 
609 
6 10 



m 

425. 
427, 
428, 
429. 
430. 
44 0, 
44 1. 
44 2 
443. 



525, 626 

526, 627 

527, 628 

528, 629 



529, 630 
54 1, 64 2 

542, 643 

543, 644 

444, 544, 64 5 
piGaNM^f 
54 5. 64 6 

546, 64 7 

547, 648 



44 5 
44 6. 
447. 
448, 

m 

44 9. 

4 5 0. 

45 1, 

5 1 

460, 



548, 649 

549, 650 
5 50, 65 1 



pll nGaPJf-V77'i 
nlGaAstM^fl 
plG aAsay^? hJB 

nlGaNnyj'^ hM 
nlA lGaN?77Fl 

I nGaA 1 N^£>3r-g>M 

pMA 1 GaN^-V^Jl 
HJ1 

piA 1 GaN?77 Vm 
pIGaN^ J C7 7l 
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